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envisioned, consists of components for climate monitoring, assessment, and
prediction; monitoring and assessment of marine living resources; coastal
zone management and development; assessment and prediction of the health
of the ocean; and marine meteorological and oceanographic services. The
successful implementation of several of these components will depend on
development and deployment of chemical sensors that are not yet available
for long-term use in the ocean.

Collection of data over long periods of time often is required to resolve
chemical changes in the ocean because there is a great deal of natural
variability in chemical concentrations over time. The natural cycles of
biologically active chemicals in the surface layer of the ocean are character-
ized by large seasonal changes in concentration. Variability in concentra-
tion can also occur on a daily cycle because of the respiration, photosynthe-
sis, and nutrient uptake of plants in response to light and dark. Interannual
changes in chemical distributions also result from processes such as El Nino
that occur only a few times each decade. These temporal variations of
different frequencies are often superimposed on slow concentration changes
due to human activity. For example, lead concentrations in the surface
waters of the Atlantic Ocean appear to have decreased about twofold from
1979 to 1984 to values near 100 picomoles per kilogram, as a result of the
phasing out of leaded gasoline in North America (Boyle et al., 1986). The
decrease in lead concentrations is obscured, however, by the large variabil-
ity in the Atlantic Ocean produced by movement of the Gulf Stream and the
water masses it sheds. This trend could only be identified by comparing
concurrent measurements of the isotope 210Pb, which is a natural radioac-
tive decay product of uranium, and stable lead (primarily 207Pb), which has
an anthropogenic source.

World ocean circulation can be pictured as flow along the "oceanic
conveyor" from its source in the North Atlantic through the ocean depths to
the North Pacific via the Antarctic Circumpolar Current, where it returns
along the surface, through the Indian Ocean to its source in the North
Atlantic (Broecker, 1991). About 1000 to 1500 years are required for sea-
water to complete this cycle. During this time, chemicals that are released
from sinking organic matter through decomposition by microorganisms ac-
cumulate in the water, while those that are scavenged onto sinking particles
are depleted. Concentrations must often be measured with high precision to
detect the chemical changes that occur with time in the ocean. The concen-
tration of total carbon dioxide, TC02 = [C02] + [H2CO3] + [HCO3~] +
[CO32~], increases by about 20% from an initial value near 2 millirnolar as
seawater follows this path from the surface to the deep ocean and back to
the surface, due primarily to respiration. If TCO2 and oxygen are measured
with a precision and accuracy of better than 0.1% and 1%, respectively, it is
possible to detect the change in TCO2 due to the increase of carbon dioxide